Upon mixing of oxovanadium(IV) acetylacetonate, this complex caused an increase in the chemiluminescence (CL) of luminol in a reverse micellar medium of cetyltrimethylammonium chloride in chloroform-cyclohexane (6:5 vlv)-water (buffered with NaOH-Na2C03, pH 12.5) even in the absence of an oxidizing reagent such as hydrogen peroxide. In this CL process, the reaction of Luminol with the oxovanadium(IV) ion produced from the decomposition of the oxovanadium(IV) complex in the reverse micelles is probably significant. A flow-injection method for the oxovanadium(IV) determination based on the present reversed micellar mediated CL reaction was examined. All the analytical conditions were optimized using the sample solution of oxovanadium(IV) acetylacetonate in chloroform. A detection limit (DL) of 0.1 ng cm"3 and a linear calibration graph was obtained with a dynamic range from the DL to 50 ng cm"3.
Many of the various unique properties of reversed micelles used as a medium for chemiluminescence (CL) can be brought to bear upon CL reaction systems in order to improve their analytical performance; "2 the CL systems based on use of luminol as the CL reagent seem to have benefited the most from the presence of reversed micellar media in spectroscopic method. When an aqueous solution of the luminescent reagent is dispersed in the bulk organic phase containing surfactant molecules, a macroscopically homogeneous solution of reverse micelles is produced.
The structure of the reverse micelles is such that the center of the micellar core is filled with water surrounded by surfactant polar heads, while the hydrophobic chains are directed into the bulk non-polar organic phase; the inner water pool provides a unique and versatile reaction field, referred to as a microreactor. 3 It is believed that the CL reaction occurs at the surfactantwater pool interface of the reverse micelles dispersed in the bulk organic solvent. " 4 Besides other advantages, enhanced sensitivity can be achieved when reverse micelles are incorporated in the CL analysis.4's We have investigated a CL emission from metalcatalyzed oxidation of Luminol in reverse micelles and its analytical application.6"1
In our previous studies, a reversed micellar medium of the surfactant, cetyltrimethylammonium chloride (CTAC) was used for the luminol CL reaction in order to combine a reversed micellar mediated CL (RMM-CL) detection system with a solvent extraction technique.6"12 The extract can be mixed directly with the reversed micellar solution of luminol dispersed in oil. We examined development of a hybrid method for the determinations of iron(III),6 iodin&2 and gold(III)7"10 and rhodium(III)," and proposed an online procedure of solvent extraction combined with RMM-CL detection using a membrane filter for phase saparation. 10 In the presence of hydrogen peroxide, an enhancement in the CL emission resulting from the luminol reaction in reversed micellar solution was previously observed upon mixing of tris(8-quinolinolato)iron(III).6 In the process, uptake of the complex by reverse micelles into the water pools appears to occur easily, followed by the iron(III)-catalyzed luminol reaction. Alternatively, even when hydrogen peroxide was absent, we found an increase in the RMM-CL emission of luminol produced by mixing of the oxovanadium(IV) acetylacetonate complex, VO(acac)2, in chloroform with the CTAC reversed micellar solution of luminol. The CL reaction in the absence of an oxidizing reagent is simpler and more selective. In this work, the effect of the VO(acac)2 complex on the RMM-CL reaction has been investigated in order to develop a new CL procedure for the oxovanadium(IV) determination based on combination of the RMM-CL system with on-line liquid-liquid extraction. ANALYTICAL SCIENCES VOL. 13 SUPPLEMENT 1997 Experimental Apparatus The multicomponent instrument used for the determination of flow CL measurements was composed of a Hitachi (Tokyo) Model K-1000 flowinjection (F!) analyzer, a Tosoh (Tokyo) Model CCPM computer-controlled pump unit and a Niti-on (Funahashi) Model LF-800 photometer. Visible spectra were recorded on a Shimadzu (Kyoto) Model UV 2200 double-beam spectrophotometer equipped with 5 cm quartz cells thermostatted at 25 ± 0.1°C. Deionized water was freshly collected from an Advantec Toyo (Tokyo) Model GSU-901 water purification apparatus and was used in making all aqueous preparations.
Reagents
All chemicals were analytical reagent grade and used as received. A 25 .tg cm 3 vanadium(IV) standard solution was prepared by dissolving the VO(acac)2 complex (Dojindo Laboratories) in chloroform (containing 0.3-1.0% (v/v) ethanol as stabilizer, Kanto Chemical Co., Inc.). This standard solution was diluted to the required concentration with chloroform to prepare working solutions of vanadium(IV); a 25 ng cm-3 vanadium solution in chloroform was used for optimization studies. Oxovanadium(IV) sulfate (Katayama Chemical Industries Co., Ltd., Osaka) was dissolved with 1 mM sulfuric acid to prepare a stock 250 µg cm3 vanadium(IV) aqueous solution. A 1.25 µg cm-3 vanadium(IV) aqueous solution was prepared by serial dilution of the stock VO2+ solution using the acid solution. Then the aqueous VO2+ solution was dispersed in the CTAC reversed micellar solutions containing the same basic buffer solution (pH 12.5) as that of luminol but chloroform was used as a reversed micellar bulk solvent. Also, another CTAC reversed micellar solution of VO2+ was prepared using the acid (pH 3.0) as a dispersed aqueous phase.
Procedure
All the analytical conditions were optimized using the Fl system reported in our previous studies.69 1' Sample (90 mm3) and reagent (100 mm3) after suction into their respective loops were simultaneously inserted into the carrier streams of chloroform using a rotary injection valve. The carrier flow rate in both streams was 2 cm3 min' . CL signals were produced upon mixing sample and reagent solutions in a coiled flow cell (70 mm3) mounted in front of the photomultiplier tube of the CL detector.
Results and Discussion
Mixing of the VO(acac)2 complex with the CTAC reversed micellar solution containing the carbonate buffer solution of luminol produced a remarked increase in the RMM-CL emission of luminol. Visible absorption measurements showed that two peaks at 595 nm and 675 rim for this complex appears in ordinary bulk organic solvent of chloroformcyclohexane mixture alone while not observed in the reversed micellar solution of the same carbonate buffer as used to dissolve luminol (Fig. 1) . These observations indicate that, when the VO(acac)2 complex was mixed with the reversed micellar solution, this complex decomposes completely upon its uptake by reverse micelles into the water pools although the complex is almost insoluble in a conventional aqueous solution. In addition, when pure water was used as the dispersed aqueous phase, the spectrum similar to that of this complex was obtained although the absorbances decreased slightly . (Fig. 1) . This suggests that hydroxide ion in the water pools of reverse micelles may play an essential role in the decomposition process of the complex. Oxovanadium(IV) ion should be produced in the water pool in the decomposition process.
In usual aqueous alkaline solutions, it has been reported that small amounts of VO2+ ion catalyze the oxidation of luminol by oxygen,13'14 but generall metal chelates are unavailable for the catal sis. Thus, the reaction of luminol with the VO ion produced from the decomposition of VO(acac)2 in the reverse micelles is probably significant in the present RMM-CL process. On the other hand, hydrolysis of the VO2+ ion is likely to occur in a basic buffer, 16 In addition, it has been reported that at pH >6, vanadium(IV) is oxidized by the air to vanadate and loses its catalytic activity.14 In a comparative study (Table 1) , the VO(acac)2 complex and the aqueous V02+ solution which were dispersed in the CTAC reversed micellar solutions containing the same basic buffer solution (pH 12.5) as that of luminol were used. The respective CL signals were recorded using the reversed micellar solution of luminol to be mixed with the reversed micellar solutions of the oxovanadium(IV) species. These produced a decrease in the RMM-CL emission intensity to zero as given in Table 1 . The results might be explained by assuming such an effect of hydrolysis or oxidation in the water pools of reverse micelles. Furthermore, when the RMM-CL reactions were run using 1 mM sulfuric acid (pH 3.0) as the aqueous phase dispersed in the reversed micellar solutions of the oxovanadium(IV) species, some CL emission resulted: The emission intensities of 61% and 31 %, relative to the CL intensity (=100) for the VO(acac)2 solution in chloroform alone used here as a sample solution, were obtained for the reversed micellar solutions of VO(acac)2 and VO2+, respectively ( Table 1 ). The phenomenon might be due to a suppressing effect of acid on hydrolysis of VO2+ or its oxidation in the reversed micellar water pools. This table implies that in the reversed micellar medium, there is probably a competition among the VO2+-catalyzed luminol CL reaction and hydrolysis and/or oxidation of VO2+, which may be produced transiently from the decomposition of VO(acac)2 upon its uptake by reverse micelles into the water pools. The significance of reverse micelles in CL analysis is considered to be due to its unique structure (shape and/or size) and composition.
The size of reverse micelles can be modified simply by changing the molar ratio R: An increase in R causes an increase in the size. ~'' 18 For complex formation between nickel(II) and murexide in a reversed micellar water pool, a decrease in equilibrium constant with increasing R has been reported. 19 Thus, similar formation of the VO(acac)2 complex in the water pool might be presumed. When the R value was increased by a decrease in the CTAC content at a constant amount of water in the reversed micellar system, an increase in the CL emission was observed and a maximum was attained at around 0.074 M CTAC and R of 15, which were chosen as an optimal (Fig. 2) .
As shown in Fig. 3 , the CL intensity increased with an increase in sodium carbonate concentration with luminol solution.
The optimum concentrations obtained were 2.0 x 10-2 M luminol and 0.5 M sodium Table 1 Relative CL intensitiy observed from mixing the CTAC reversed micellar luminol solution with various oxovanadium(IV) species in CHCl3 and reversed micellar media Fig. 2 Effect of R on CL intensity observed from mixing the CTAC reversed micellar luminol solution with VO(acac)2 in CHCl3. Fig. 3 Effect of Na2CO3 concentration on CL intensity observed from mixing the CTAC reversed micellar luminol solution (R=15) with VO(acac)2 in CHCl3.
ANALYTICAL SCIENCES VOL. 13 SUPPLEMENT 1997 carbonate. Around these concentrations, the CL intensity reached its maximum. When the concentrations were used in preparing the reversed micellar luminol solution, the problem of turbidity was encountered. Relatively high viscosity of the medium obtained would hamper rapid mixing with the VO(acac)2 solution in the flow cell and thus make it difficult to obtain sharp and reproducible signals. Also the formation of turbid or milky solution will certainly bring a change in the spectral properties compared to that of a transparent one. Transparent and homogeneous solutions of the CTAC reverse micelles were made when sodium hydroxide (0.05M) was added to the carbonate (0.5 M)-buffered luminol solution used as the dispersed aqueous phase, although only a slight decrease in the CL signal was produced as shown in Fig. 4 . On the other hand, a significant decrease in the CL intensity was observed for the reversed micellar luminol solution containing the basic solution of sodium hydroxide alone (Fig. 4) . This implies that sodium carbonate buffer is preferred over sodium hydroxide and the carbonate ion may play an important role in the processes of decomposition of the VO(acac)2 complex and the subsequent catalyzed CL reaction. Although similar behavior was reported for the RMM-CL with rhodium(III)," further investigation is needed to elucidate the role of the carbonate ion.
Under the optimized experimental parameters, a detection limit (DL) of 0.1 ng cm 3 was obtained using the RMM-CL detection system for the VO(acac)2 complex in chloroform where the DL is considered as the concentration of the analyte for which the analytical signal is three times higher than the base line noise. The linear calibration graph was obtained with a dynamic range from the DL to 50 ng cm~3.
In conclusion, the present work suggests that considerable opportunities exist to develop an effective hybrid method based on coupling of the present RMM-CL system with on-line solvent extraction for the oxovanadium(IV) determination at trace levels. At the moment, work is in progress on the solvent extraction of oxovanadium(IV) and its subsequent detection via RMM-CL reaction.
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